Background and Purpose: Modern companies have found themselves in a situation where the ability for the dynamic adaptation to the changing market conditions is a key competitive advantage. Therefore they are continually searching for intensive ways of improvement of their processes and products. The basis for the implementation of such strategy is the efficient use of information resources. In quality management, appropriate tools and techniques equip decisionmakers with information, necessary to take: correction, corrective, preventive, and finally -improvement actions. Design/Methodology/Approach: The paper presents the results of the survey, conducted on a representative sample of manufacturing companies in Great Poland (region of Poland). The main goal of the survey was to ascertain, from the quality assurance perspective, what kind of problems, at which stage of production process are the most frequent and what kind of quality tools and techniques are used by practitioners for their solutions. Furthermore, the respondents evaluated the importance of appearing problems as well as the effectiveness of used tools.
Introduction
Modern companies found themselves in a situation where the ability of a dynamic adaptation to changing market conditions is a key competitive advantage. This means that all the employees of companies responsible and involved in the process must be equipped with right tools, enabling them to quickly and easily take effective improvement activities in all the areas of value creation for the customer. In the manufacturing companies, process improvement, understood as the increase of process ability to meet the requirements, is implemented in the form of two strategies: extensive and intensive actions. The basis of the realization of strategy of intensive activities (small-step ongoing improvement activities) is the efficient use of the available resources, with particular emphasis on information resources. In the case of quality management, including the aforementioned function of improvement, in order to collect and process data and information, one uses instruments, traditionally described as quality tools and techniques (QT & T). They equip decision-makers with properly processed information necessary to take: correction, corrective, preventive, and finally -improvement actions in manufacturing processes.
According to (McQuater et al., 1995) , tools and techniques are practical ways, skills, means or mechanisms that are used in the realization of specified tasks. In (McQuater et al., 1996) the concept of techniques and tools of quality management is described as a means of practical conduct, skills and instruments applicable to specific tasks, including facilitation of changes or improvements. In (McQuater et al., 1995) and (Dale and McQuater 1998) a quality tool is defined as a specific procedure, focused on a particular task and used independently. In (Gregory, 1993) , tools are also defined as those that integrate, to some extent, external requirements with the results of the organization's internal operations. In (Dean and Bowen, 1994) a technique is described as a specified, step by step, procedure method applied with the intention of making practical action more effective. On the other hand, in (McQuater et al., 1995) a technique is defined as a set of tools. In (Dale and McQuater, 1998 ) the definition of a technique is clarified as a comprehensive, integrated approach to problem solving, based on the usage of a number of supportive tools. As a result, the SPC is a technique, determined by a set of applicable tools in statistical process control: control charts, histograms, graphs, etc. Examples of techniques are also: QFD, FMEA, DOE. According to (Bamford and Greatbanks, 2005) , the tools and techniques of quality management enable: n examination of the areas that cause the most problems; n presentation of complex data in a simple and transparent way; n determination of the causes of problems; n identification of the causes of process variation; n showing the distribution of the data; n showing the relationships between the variables of the process; n setting priorities for action. One can also generalize the benefits arising from the application of quality tools and techniques in terms of processes and entities. In the first case it is: n improvement (McQuater et al., 1995) , (Bunney and Dale, 1997) , ( Herbert, Curry and Angel, 2003) , (Bamford and Greatbanks, 2005) , ( Lagrosen and Lagrosen, 2005) , (Tari, Molina and Castejon, 2007) n increase in productivity (Herbert, Curry and Angel, 2003) . In the second: n increase of pro-quality awareness (Lagrosen and Lagrosen, 2005) ; n increased commitment in relation to quality issues (Lagrosen and Lagrosen, 2005) ; n promoting work in teams (Herbert, Curry and Angel, 2003) ; n facilitating communication (Herbert, Curryand Angel, 2003) , (Ahmed Hassan, 2003) ; n increase of customer satisfaction (Lagrosen and Lagrosen, 2005) . From the point of view of practical application of quality tools and techniques, divisions of instruments, locating individual instruments in methodologies of organizational activities, are very important. These include the described in the literature methods: n problem solving (Ahmed and Hassan, 2003) , (Fukui et al., 2003) , (Rooney and Heuvel, 2004) , (Tague, 2005) , (Tang et al., 2007) ; n improvement (Brassard and Ritter, 1994) , (Asaka and Ozeki, 1996) , (Shiba and Walden, 2002) , (Bamford and Greatbanks, 2005) , (Tague, 2005) . The starting point for the search of useful tools in practice is most frequently methodical sphere of activities carried out in order to solve a problem or improve the implementing process. In this way -tools are associated with the stages of the methodologies of organization activities, such as PDCA (Dahlgaard et al., 2013) . The variety of the offered methodologies of problem solving/process improvement causes that the proposed, in their framework, sets of quality tools and their assignment to the various phases of methodologies, differ from one another (for example in (Brassard and Ritter, 1994; Shiba and Walden, 2002; Fukui et al., 2003) . In the studies there is no "bottom-up" perspective on the matter yet, which would include while selecting appropriate tools and techniques of quality management -knowledge and experience of practitioners, either directly or indirectly involved in the realization of the improved processes. In the studies one has tried to prove the hypothesis that the choice of quality tools and techniques is dependent on the particular stage in the production process and on the nature of the problems, which they are intended to solve.
Methodology
In the conducted study, as the subject of statistical population, one has specified a company with already implemented standardized management system that meets at least one of the quality management standards (e.g. ISO 9001, ISO 14001, EMAS, GMP, etc.); however the possession of the certificate system was not a necessary condition. Possession of standardized management system was to guarantee the existence of the so-called pro-quality awareness in the given enterprise.
As the test body a manufacturing and / or service company has been chosen (where the services offered require the implementation of technological process). The study adopted a group of companies in accordance with the code of the European Classification of Economic Activities NACE. In order to ensure that the sample is representative and that sampling is current and complete, an online database of companies has been used. It was made available by the company, which is engaged in the professional development of databases.
The study adopted a limit to the sampling methodology. The main criterion for selection was a deliberate restriction to a geographical segment (Wielkopolska region) with simultaneous maintenance of the representativeness of the sample and the selection of the quota. The population of the surveyed companies was divided into layers: (a1) manufacturing companies, (a2) production and service companies, (a3) production and trade enterprises, (a4) manufacturing, service & trade companies, (a5) commercial enterprises, (a6) service companies, (b1) small enterprises (employing up to 50 people), (b2) medium-sized enterprises (employing 51-250 people), (b3) large companies (employing more than 250 people) (c1) with domestic capital, (c2) with foreign capital.
In line with the above presented methodology, a list of companies has been prepared that meet the required in the definition of population criteria: management system in place, the type of business production or selected services. The last criterion of selection was related to the cost-aspect concerning further research. The population estimated 372 companies, and sample size of 100 companies was selected.
Due to the industry criterion, among respondents there were mostly companies of the metal industry (24%), automotive (19%) and machinery (9%). Full crosssection of industries is shown in Figure 1 .
The questionnaire included a total of 37 tools and techniques of quality management. One of the keys to their inclusion in the questionnaire were operating in theory (and practice) classification divisions into such groups of quality tools as: traditional, new, statistical and additional; and the group of quality techniques, where each of the listed groups of instruments covered comparable number of seven to eight representatives: n traditional quality tools group: check sheet, histogram, control chart, fishbone diagram, Pareto diagram, flowchart, scatter diagram (TQT); n new quality tools group: affinity diagram, relationship diagram, matrix diagram, tree diagram, prioritization matrix, process decision program chart, arrow diagram (NQT); n statistical quality tools group: sampling (selection of samples for statistical surveys), statistics (statistical measures of location and variability), distributions (distributions of statistics described by the probability distribution function), interval of confidence (determination of the confidence interval of the average or fraction), hypothesis testing (formulation and verification of statistical hypotheses), analysis of variance, regression and correlation analysis, process capability indices (SQT); n additional quality tools group: brainstorming, ABCD method, decision matrix, force field analysis, ABC method, 5W2H, 5S, Poka-Yoke/Mistake proofing (AQT); n quality techniques group: QFD, FMEA, DoE, statistical quality inspection, SPC, MSA, testing requirements and satisfaction of customers (QT). A standardized questionnaire was designed in a way that allowed -while indicating by the respondent wellknown and used in the audited company tool / technique of quality -simultaneous determination of: n at which stage of the production process it is useful (in case of bigger number of adequate tools, respondents had to identify the most commonly used tool), wherein in the production process the following steps have been identified: n others (42). Subsequently, on the basis of the collected during the research data, qualitative reasoning has been conducted, which included an analysis of the occurring problems during specified stages in the production process and 
Results
Due to the data collected in the survey one may observe that the quality tools and techniques are used to solve problems of various kinds, most frequently however (Figure 2 ): in the process of production (36% of all responses); n in the direct "neighborhood" of the manufacturing process, i.e. in the technical preparation of production (13% of responses), and in the control processes and measurements (altogether 17% of responses); n as well as in the "further environment" of the manufacturing process -in the design of products (9% of responses) and servicing (6% of responses). QT&T instruments are used less frequently in such phases of the production process as: n market research and sales (5% of responses); n warehousing and transport (4% and 2% of responses); n in the utilization phase of products (3% of responses). Further part of the paper presents the results of analyses of data from the manufacturing phase (MP) in the production process. The rationale for the selection of the step "manufacturing process" for further analysis is that during the manufacturing process occur most problems (36% of the earlier mentioned indications); they are at the same time 
Legend: (39) others (34) inadequate flow of information (30) delays (31) formation of 'bottlenecks' (29) downtime (35) too little data analysis and presentation of results (32) lack of standards concerning work performance (36) lack of feedback information on discrepancies (33) "bureaucracy" of the process (38) ineffective monitoring of documentation (37) too short time on decision making
the representatives of all eight categories of problems, defined in the study. On the basis of the most common problems in the manufacturing process, i.e. n management of the process; n performance of the process; n process supplying (materials and resources) Their sub-categories have been indicated; one has also shown which tools are reached out for in the Polish manufacturing companies in order to solve the problems and how the effectiveness of their usage is evaluated (Figure 3) .
The problem in the manufacturing processmanagement Figure 4 shows that the most common problems in the category "management" of the manufacturing process -apart from the classified by respondents as "others" (17%), are problems associated with inadequate flow of information in the process ("do not arrive on time to the appropriate recipients"). Furthermore, the distinguished problems are: arising delays, "bottlenecks" and downtime.
The most commonly used tools in solving specific problems include: brainstorming (altogether 28% of indications) flowchart (total 15% of responses) and the PDPC (9% of responses), and the degree of their use -as concerns the remaining tools -is shown in Figure 5 .
Respondents also evaluated the validity of the analyzed problem for the stability of the manufacturing process. Moreover, they estimated the importance of the occurring problem using a scale from 1 -little importance to 5 -very high importance. Among the respondents indicating occurrence of problems related to the management (on the significance of problems there were altogether 93 indications of 126 possible problems in this category) 78% of them identified these problems as important and very important (Figure 6 ). Another aspect was to evaluate the effectiveness of the use of quality management tools, which are used to solve problems in the category of "management". There was a total of 125 indications to 126 possible. As many as 83% of respondents identified effectiveness of the evaluated tools as high and very high (Figure 7) .
The problem in the manufacturing process -the performance of the process Figure 8 . shows that the most common problems in the category of "process performance" are a large number of discrepancies / defects fraction (30% of indications), variability of the process results (28% of responses) and low efficiency of the process (19% of responses).
The most commonly used tools in dealing with specified problems include descriptive statistics (20% of responses), Pareto diagram (12% of responses) and process capability indicator (10% of responses), the degree of their usage -as concerns the remaining tools -is shown in Figure 9 .
Respondents also evaluated the validity of the analyzed problem for the stability of the manufacturing process. Among the respondents indicating the occurrence of problems related to the performance of the process (on the significance of problems there were altogether Another aspect was to evaluate the effectiveness of the usage of quality management tools, which are applied to solve problems in the category of "process performance". A total of 103 indications has been obtained per 105 possible. As many as 86% of respondents identified effectiveness of the evaluated tools as high and very high (Figure 11 ).
The problem in the manufacturing process -material (of process supply) Figure 12 shows that the most common problems in the category of "process supply" are low quality of input material (37% of responses), followed by deliveries against the quantitative specification (21% of responses) and the inhomogeneity of the supplied materials (18% of responses).
The most commonly used tools in dealing with specified problems include: the check sheet (26% of responses), statistical control of deliveries (17% of responses) and also FMEA method (13% of responses), the degree of their use -as concerns the remaining tools -is shown in Figure 13 .
Respondents also evaluated the validity of the analyzed problem for the stability of the manufacturing process. Among the respondents indicating occurrence of problems related to the process supply (on the significance of problems there were altogether 68 indications of 78 possible problems in this category) 85% of respondents identified these problems as important and very important (Figure 14) . Another aspect was to evaluate the effectiveness of the usage of quality management tools, which are applied to solve problems in the category of "process supply." There was a total of 77 indications out of 78 possible. As many as 82% of respondents identified effectiveness of the evaluated tools as high and very high (Figure 15 ).
Discussion and conclusions
Application of tools and techniques of quality management is different at different stages of the production process ( Figure 16 ). The market research (MR) goes primarily to the collection of quality management techniques (QT) with the leading role of methods testing the requirements and satisfaction of customers. At this stage, statistical tools (SQT), new (NQT) and additional (AQT) are used sparsely. During the design, the complement of tools and engineering design systems are quality management techniques, together with traditional tools (TQT) and additional ones. The dominant set of quality tools at the stage of technical preparation of production (TPP) consists of QT, TQT and additional tools, while the first and second group of tools definitely stands out due to the highest number of indications of the respondents. In the manufacturing process itself the most frequently used tools are those from the traditional group; in the second place -additional tools, which shall be a reference to the methods of organizing processes in a wider range. It is the area where new tools are most frequently used! (as compared with other stages of the production process). The latter ones, in turn, are least useful in the control phase and during the measurement (MM). In this part of the process one usually reaches for more complex instruments, that is the quality techniques (including SPC, MSA, DoE, statistical inspection), statistical tools and traditional tools (having in their sets also quantitative tools). During transport one uses tools and techniques of quality management least frequently (total 28 responses). They are more useful in the case of warehousing processes -in the context of controls and deployment of resources (traditional tools applied most frequently here). The system of indications to usage of QT & T in the phase of service is derived from the techniques and tools used in the design and manufacturing phases (most indications concern TQT, QT and AQT), though their cardinality in these phases of the manufacturing process is much lower. It turns out that the quality tools and techniques are also useful in the EoL-phase of a product. This is particularly visible in the case of indications to the set of quality techniques and traditional tools, used in the phase of product utilization. Popularity of usage of quality tools and techniques in the UP phase -puts these instruments -due to the cardinality of indications throughout the whole production process -in the penultimate position in the ranking. One should however remember that problems related to the so-called end of the product's life have only recently been gaining in importance as far as the activity of manufacturing companies is concerned.
The collected data show that the tools and techniques of quality can be attributed to one of three categories: n process-dedicated, are applied in selected stages of the manufacturing process (e.g., 4 -stage of manufacturing), and are also useful for solving all kinds of problems at this stage of the process, they can include: control sheets, descriptive statistics, block diagram and FMEA method; n problem-dedicated; are used to solve problems of specified nature and are also useful at all stages of the manufacturing process, they may include: control sheets and block diagrams; n so called "island-like", i.e. centered around the "neighboring" manufacturing process stages in connection with the problems of a specified nature, they may include: FMEA, SPC, DoE, indicators of qualitative abilities, sampling. Gathered in the study material is a reflection of the degree of usage and suitability assessment -in the context of solving problems and improving processes -of quality tools and techniques in manufacturing companies in Poland. It is also a basis for the already developed decision support system of the selection of the tools and techniques of quality (Starzyńska, Hamrol, 2013) . Surveys were carried out within the scope of one's own project, entitled "Development of a new -based on the knowledge of workers -method of selection and application of the quality management instruments for the improvement of manufacturing processes in manufacturing companies" (No. 
